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Edited by Paul BertoneAbstract The nuclear hormone receptors (NHRs), a family of
transcription factors, bind directly to the hormone response ele-
ments (HREs) to regulate gene expression. In this study, we de-
scribe a comprehensive NHR–HRE proﬁling analysis with a new
high-throughput DNA binding assay system utilizing wheat germ
cell-free protein production and ﬂuorescence correlation spec-
troscopy (FCS). This approach revealed NHR binding to natural
response elements and new heterodimeric NHR–HRE bindings.
We analyzed 408 possible binding combinations between 34 hu-
man NHRs and 12 diﬀerent HREs, and identiﬁed 205 NHR–
HRE binding combinations, 124 of which have not been previ-
ously reported. Thus, this study provides a novel biochemical
classiﬁcation of the human NHRs, as well as describing a novel
approach to the large-scale analysis of DNA–protein interac-
tions.
 2008 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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annotation1. Introduction
One-third of the 48 nuclear hormone receptors (NHRs)
found on the human genome are orphan receptors as their li-
gands are not known [1]. The NHR superfamily of transcrip-
tion factors directly activates or represses target genes by
binding to the hormone response elements (HREs). Thus,
these proteins play a central role in many biological processes
such as cell growth and diﬀerentiation, embryonic develop-
ment, and metabolic homeostasis in metazoan organisms.
The HREs, in which a 6-bp long sequence constitutes the core
recognition motif, are located in the regulatory region of the
gene. Although some monomeric receptors can bind to a single
hexameric recognition motif, most receptors bind as homodi-
mers or heterodimers to the HREs composed typically of
two core hexameric motifs. For dimeric HREs, the half-sites*Corresponding authors. Address: Cell-Free Science and Technology
Research Center, Venture Business Laboratory, Ehime University, 3
Bunkyo-cho, Matsuyama, Ehime 790-8577, Japan. Fax: +81 89 927
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E-mail addresses: yendo@eng.ehime-u.ac.jp (Y. Endo), sawasaki@
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doi:10.1016/j.febslet.2008.07.003can be conﬁgured as direct repeats (DR) or as palindromes
(Pal). The binding speciﬁcity of the NHR varies depending
on the length of the spacer region between the two HRE
half-sites [2].
Fluorescence correlation spectroscopy (FCS) is an ad-
vanced technology that is used for measuring the transla-
tional diﬀusion coeﬃcients of molecules in solutions [3,4].
FCS technology is ideal for measuring the molecular interac-
tions because the translational diﬀusion coeﬃcient of a mol-
ecule depends on its molecular weight, structure and number.
We recently developed an automated FCS system suitable
for applications ranging from the high-throughput analyses
to complex studies of molecular interactions, and using this
system we have previously described a binding assay for
the DNA-transcriptional factors such as NF-jB in crude cel-
lular extracts [5]. In contrast to the electrophoretic mobility
shift assay (EMSA), the binding assay using the FCS tech-
nique contained steps that are less time consuming, and con-
sequently, the measurements can be carried out within a very
short period of time (10–20 s per sample). Thus, an assay
based on FCS could facilitate the analysis of DNA–protein
interactions tens of times faster than EMSA.
Wheat germ extract cell-free protein synthesis technology
has made it possible to produce a wide range of diﬃcult-to-ex-
press proteins, which includes prokaryotic, eukaryotic and
artiﬁcial proteins, in naturally folded states [6]. We developed
a high-throughput, genome-scale protein synthesis method
based on the wheat germ extract cell-free expression system,
and using this system we have successfully synthesized 34 dif-
ferent types of human NHRs. We report here a comprehensive
method for the biochemical analysis of binding between 34 dif-
ferent human NHRs and 12 diﬀerent DNA response elements.
In addition, this analysis reveals instances of new heterodimer-
ic bindings of the NHRs.2. Materials and methods
2.1. General
Details of the following procedures have been either described or ci-
ted previously [6,7]: generation of DNA template by PCR using split-
primers, synthesis of mRNA, protein synthesis in parallel, estimation
of amount of protein synthesized by means of densitometric scanning
of the Coomassie brilliant blue (CBB)-stained band and autoradiog-
raphy. The wheat germ extract was purchased from Cell-Free Sciences,
Co. (Yokohama, Japan). Autoradiography was analyzed by BAS-2500
(Fuji ﬁlm, Tokyo, Japan). Reagents used in this study were described
previously [6].blished by Elsevier B.V. All rights reserved.
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The DNA templates for transcription were obtained by using the
split primer PCR technique using gene speciﬁc primers (S1-sense pri-
mer shown inSupplementary Table S1). PCR conditions and transcrip-
tion were described previously [6].
2.3. Cell-free translation
Cell-free translation is based on a bilayer diﬀusion system that con-
sists of a translation mixture and substrate mixture [7] including 10 lM
zinc acetate. The translation reaction was carried out in 96-well titer
plates. Each well containing 25 ll of the translation mixture was then
carefully overlaid with 125 ll of the substrate mixture. The plate was
incubated at 26 C for 18 h.
2.4. Preparation of the double-stranded DNA
Sequences of the single-stranded DNAs used in this study are listed
in Supplementary Table S2. Each DNA fragment was ampliﬁed with
the common primer labeled with TAMRA and one of the non-labeled
primers using the Ampli-Taq Gold kit. The PCR products were elec-
trophoresed in 15% polyacrylamide, and the target TAMRA-labeled
double-stranded DNA was excised from the gel and puriﬁed with QIA-
quick extraction kit (Qiagen, Du¨sseldorf, Germany). For natural re-
sponse elements, the double-stranded DNA was prepared by
annealing both oligonucleotides in 10 mM TE buﬀer (pH 8.0) contain-
ing 0.1 M sodium chloride. The reaction mixture was hydrolyzed step-
wise in the 3 0 ﬁ 5 0 direction by exonuclease I to remove the single-
strand DNA and then the hydrolyzed nucleotides, free dyes, and salts
were removed by using MERmaid SPIN (Qbiogen, Carlsbad, CA).
2.5. DNA-binding assay using the ﬂuorescence correlation spectroscopy
(FCS)
For detecting NHR–HRE binding, 5 ll of the translational mixture,
including the synthesized protein product, was incubated at 30 C for
30 min in the presence of 1 nM of TAMRA-labeled DNA. The reac-
tion was carried out in a total volume of 24 ll reaction mixture con-
taining 50 mM KCl, 2 mM MgCl2, 20 mM Hepes-KOH (pH 7.8),
1 mM DTT, 0.1 mM EDTA, 100 lg/ml BSA, 5% glycerol and
0.2 mg/ml poly(dI–dC). The samples were sequentially and automati-
cally loaded onto a 384-well glass-bottomed microplate, and FCS mea-
surements were performed using the single-molecule ﬂuorescence
detection system, MF20 (Olympus, Tokyo, Japan). For hormone-
dependent glucocorticoid receptor (GR) binding, synthesized GR
(15 ll) was incubated with or without 5 nM cortisol at 30 C for
30 min. For heterodimerization, 2.5 ll of retinoid X receptor (RXR)
c was mixed with 2.5 ll of vitamin D receptor (VDR), peroxisome pro-
liferator-activated receptor (PPAR) a, PPARb, or PPARc. Fluores-
cence was measured using a He–Ne laser (excitation wavelength
543 nm) and a 580DF30 ﬁlter. The optical system of the device was
automatically adjusted for each measurement. All experiments were
performed under identical conditions with a data acquisition time of
15 s per measurement, and were repeated ﬁve times per sample.
2.6. Deﬁnition of positive DNA-binding ability for NHR
In the FCS assay, the diﬀusion time of a labeled molecule in a laser-
illuminated region is measured. The diﬀusion time of a molecule can be
theoretically calculated from its molecular weight. Here, DNA is as-
sumed to conform to a spherical shape and its molecular weight is cal-
culated according to 662 Da per base-pair; moreover, under saturated
conditions, all the TAMRA-labeled DNA in the reaction solution is
assumed to form a monomer or dimer. The diﬀusion time correlates
with the molecular weight of the labeled molecule. When NHR binds
to labeled DNA, the molecular weight of the NHR–DNA complex be-
comes higher than the DNA alone. In general, because the mobility of
a molecule in solution dependents on its molecular weight, the mobility
of the NHR–DNA complex becomes slower than DNA alone. Conse-
quently, the slower protein–DNA complex exhibits longer diﬀusion
time [5].
In the FCS system, therefore, NHR binding to DNA can be de-
tected by prolonged diﬀusion times. This time diﬀerence is also calcu-
lated from the molecular weights of DNA and NHR complexes,
assuming that each NHR forms a monomer on the core motif and
forms a homodimer on DR or Pal. By comparing the results of the
FCS analysis with those derived from EMSA measurements carried
out in parallel, we observed that the DNA–NHR complexes wereactually detected in EMSA when the prolongation of diﬀusion time
is 30% or higher than the theoretical values. Consequently, we se-
lected a threshold value for the binding degree, and deﬁned the
DNA-binding ability of an NHR as positive when the binding degree
for the pair was 30% or higher. From a total of 408 possible binding
combinations, 145 demonstrated positive binding by EMSA, whereas
140 were positive (i.e., exhibiting a binding degree 30% or higher than
the threshold) by FCS.
Other materials and methods used are described in the supplemen-
tary data.3. Results and discussion
3.1. Binding of NHRs produced by the wheat cell-free system to
human natural response elements using FCS
To investigate whether NHRs synthesized by the wheat cell-
free system can bind human natural response elements, we pre-
pared the human natural response elements of apolipoprotein
A-I (ApoA-I) [8] and medium-chain acyl coenzyme A dehydro-
genase (MCAD) genes [9] by annealing the respective synthetic
oligonucleotides (DNA sequences listed in Supplementary Ta-
ble S3). ApoA-I is a major protein component of high-density
lipoprotein (HDL), and plays an important role in the reverse
cholesterol transport pathway. The regulatory element (220/
190) on the ApoA-I gene contains DR of the PuGTTCA mo-
tif separated by 2 bp, and is recognized by the RXRa homodi-
mer and RXRa/retinoic acid receptor (RAR) a heterodimer
[8].
Using the FCS assay system we conﬁrmed the binding of
RXRa to the ApoA-I regulatory element, but not to the thy-
roid hormone receptor (TR) a regulatory element (a negative
control) (Fig. 1A). Nuclear receptor response element
(NRRE)-1 (341/307), a pleiotropic element present in the
MCAD gene promoter [9], is known to interact with a number
of NHRs including the RXR and estrogen related receptor
(ERR). Maehara et al. previously reported that the ERR,
but not the PPAR, bound to the NRRE-1 as a homodimer
or as two independent monomers [10]. Consistent with this re-
port, we also found that the ERRc bound to the NRRE-1,
whereas the PPARa (a negative control) did not (Fig. 1B).
To elucidate the hormone-mediated transcriptional network,
it is important to investigate the ligand-binding as well as the
DNA-binding speciﬁcities of the NHRs. We therefore exam-
ined the eﬀects of the ligand on DNA–GR binding, ﬁnding
that binding of GR to the cytochrome P450 2C9 (CYP2C9)
gene promoter element was enhanced by cortisol as one of
the glucocorticoids (Fig. 1C). In this way, FCS is able to con-
tribute to the analysis of not only the NHR–HRE molecular
interactions but also the ligand-NHR or DNA–NHR-ligand
molecular interactions. These results suggest that the high-
throughput method described here could be used to identify
the natural response elements found in the promoters and
enhancers, and to screen the hormone ligand to further inves-
tigate the eﬀects on the DNA binding. Moreover, FCS repre-
sents a potentially general technique for drug selection, to
identify candidates that interfere with or modify particular
binding interactions.3.2. Production of 34 human NHR proteins by the wheat germ
extract cell-free system
Thirty-four NHR proteins were synthesized using the wheat
germ extract cell-free system supplement with zinc ion. The
Fig. 1. FCS detection of DNA-binding speciﬁcities of RXRa and ERRc, and hormone response of GR to the natural human DNA response
elements. Binding of (A) TRa (negative control) or RXRa to the binding element on the ApoA-I gene, and (B) PPARa (negative control) or ERRc to
the binding element on the MCAD gene were examined by FCS. Binding experiments were performed using either of the synthesized protein
products. The symbol ‘‘+’’ represents a diﬀusion time ratio of 30% and higher. (C) Binding of GR to the CYP2C9 gene promoter element was
enhanced by cortisol as one of the glucocorticoids. The vertical axis shows the diﬀusion time (ls) of TAMRA-labeled DNA (1 nM) or NHR–HRE
complexes in the reaction solution. Error bars represent the S.D. of ﬁve measurements.
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beled amino acid (14C-Leu), were conﬁrmed by analyzing auto-
radiographs of the respective SDS–polyacrylamide gels follow-
ing electrophoresis. Each protein appeared as a single band on
the autoradiogram (data not shown). Proteins were quantiﬁed
by incorporation of 14C-Leu, and the average yield was found
to be approximately 3.5 ± 1.4 lg of protein per 100 ll of reac-
tion mixture. We also checked the solubility of the each prod-
uct as previously reported [7], and found that 65 ± 25% each
product was soluble. The yields and solubilities of each synthe-
sized protein are shown in Supplementary Table S4.
3.3. Binding analysis of 34 human NHRs to core, DR and Pal
motifs using FCS
We used the automated FCS technique to systematically
study the DNA-binding properties of 34 NHRs. In this bind-
ing assay, a given NHR protein product was mixed with a ﬂuo-
rescence-labeled DNA probe. Diﬀusion time of the labeled
DNA in the reaction mixture was measured using FCS. Pro-
longation of diﬀusion time in reaction solution, compared with
the control value, indicates NHR–HRE complex formation.
Each diﬀusion time was categorized into 10 diﬀerent levels
(from 1 to 10) according to its binding degree, i.e. the ratioof the actual measurement value to the theoretically expected
value (see Section 2.6). The double-stranded DNAs used as
probes are listed in Supplementary Table S2.
In addition, we analyzed the interactions between the 34
NHRs and 12 NHEs by EMSA to conﬁrm their DNA-binding
abilities. Fig. 2 includes typical EMSA results. Comparisons of
the results obtained from the FCS and EMSA analyses sug-
gested that the NHR–HRE pairs whose diﬀusion times be-
longed to the scored categories 4 through 10, as determined
from the FCS analysis, formed NHR–HRE complexes on
EMSA. In contrast, the NHR–HRE pairs whose diﬀusion
times belonged to the categories 1 through 3 as determined
from FCS failed to form NHR–HRE complexes on EMSA.
Thus, we determined that a diﬀusion time ratio of 30% and
higher by FCS analysis indicates positive NHR–HRE binding.
3.4. Evaluation of NHR–HRE binding data
Table 1 summarizes the binding results of the 34 NHRs as
shown in Fig. 2. Twenty-four out of thirty-four diﬀerent
NHRs bound to a DNA element in a ligand-independent man-
ner. Several NHRs, such as Rev-erbAb and tailless nuclear
hormone receptor (TLX), bound to DNA only when higher
amounts (15 ll) of the synthesized protein was used in the as-
Fig. 2. Detection of NHR–HRE interactions with FCS. The vertical axis shows diﬀusion time (ls) of the TAMRA-labeled DNA or NHR–HRE
complex in the reaction solution. Results from the representative EMSA experiments were also shown (autoradiograms). Numbers in the parentheses
correspond to the representative EMSAs. Arrowheads indicate speciﬁc NHR–HRE complexes. Open bar indicates a negative control where the
synthesized protein product was prepared from the plasmid lacking the DNA-binding domain. Error bars represent the S.D. over ﬁve measurements.
Labels 1 through 10 indicate the diﬀusion time ratios of the actual measurement values to the theoretically expected values: 1 indicates less than 10%,
and 2, >10–20%; 3, >20–30%; 4, >30–40%; 5, >40–50%; 6, >50–60%; 7, >60–70%; 8, >70–80%; 9, >80–90%; and 10, >90%. Core, DR and Pal
indicate the DNA probes used in this experiment.
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Table 1
NHR–HRE binding proﬁling by wheat cell-free based FCS
Five ll of synthesized protein was used in this binding assay. The symbols ‘‘+’’ and ‘‘’’ over the theoretically expected value calculated from the
estimated molecular mass of the DNA–NHR complex under saturated condition where all TAMRA-labeled oligonucleotides were bound to the
NHR of 30% and higher, and less than 30%, respectively. (+) Symbol in the parentheses indicates that while there was no measurable DNA–NHR
interaction using 5 ll of the synthesized protein, a DNA–NHR interaction was observed when 15 ll of the synthesized protein was used in the
reaction mixture. Asterisks (*) represent DNA–NHR interactions which were previously reported and the numbers refer to the respective references
in the Supplementary data.
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examined 408 diﬀerent NHR–HRE combinations (monomers
and/or homodimers) for binding using the FCS-based assay,
and consequently identiﬁed 205 diﬀerent NHR–HRE interac-
tions, 124 of which were novel and 81 that were previously re-
ported (Table 1). However, eight previously reported NHR–
HRE interactions (TRa-Pal4, PPARa-DR1, PPARc-Pal3,
Rev-erbAb-core, VDR-DR4, RXRc-DR4, ERa-Pal0, and
NGFI-Ba-core) were not among the 205 NHR–HRE interac-
tions reported in this study. One possible explanation for this
discrepancy is that these eight interactions have used slightly
diﬀerent DNA fragments in the ﬂanking and spacer sequences
although the core sequence is the same. Because the signiﬁ-
cance of sequences around the core region is known [11,12],
the interactions may also recognize ﬂanking and/or spacer se-
quences in DNA fragment used.
The second explanation for the observed diﬀerence might lie
in the requirement of a co-factor or ligand dependency. Almost
all the previously reported NHR–HRE binding assays were
performed using animal-derived protein expression systems
such as rabbit reticulocyte lysate (PPARa), baculovirus-in-
fected insect cell lysate (PPARc and RXRc) or cultured mam-
malian cell lysates (Rev-erbAb, VDR, ERa, and NGFI-Ba).
Although orphan receptors such as Rev-erbAb and NGFI-
Ba also exist among these eight combinations, these cell lysates
might contain ligands and/or other essential factors for their
DNA binding. This possibility is least likely in our assay sys-
tem however, because the wheat germ extract is obviously of
plant origin.
A third reason might be due to the nature of the protein
(e.g., partial DNA-binding domain, full-length, and glutathi-Fig. 3. DNA-binding abilities of the RXRc/VDR, RXRc/PPARa, RXRc/P
RXRc/PPARb and RXRc/PPARc heterodimers with (A) DR4 and (B) Pal3 w
the TAMRA-labeled HRE or NHR–HRE complex in the reaction solution.
Error bars represent the S.D. of four measurements.one S-transferase- or FLAG-tagged proteins) used in the bind-
ing assay. Mader et al. reported that the DNA-binding domain
of TR bound to the DR2 and Pal4 although the full-length TR
did not bind to either DNA element [13]. We have also found
that the full-length TRa did not bind to the Pal4 in our assay
(Fig. 2), an observation that is consistent with that of Mader et
al. In previous reports, FLAG- and HA-tagged proteins were
used in the binding assay of PPARc [11] and ERa [5], respec-
tively. Because a full-length and non-tagged NHR protein is
the original form in the cell, we believe that our assay (using
a library of full-length NHRs) will provide more useful infor-
mation than currently available assay systems for studying the
NHR–HRE interaction.
3.5. Screening of binding partner forming heterodimers with
RXRc
RXRs are known to be promiscuous dimerization partners
for a large number of NHRs, and their dimerization partners
include themselves, RAR, VDR, TR, PPAR and other orphan
receptors [1]. We next screened for binding of RXRc heterodi-
mers to DR4 and Pal3. To examine whether RXRc heterodi-
merizes with VDR, PPARa, PPARb and PPARc, equal
amounts of synthesized RXRc and one of the four NHRs
(VDR, PPARa, PPARb or PPARc) were mixed with each test
DNA element and analyzed by FCS. We found that RXRc
heterodimerized with VDR on both DR4 and Pal3 (Fig. 3A
and B). Yen et al. previously demonstrated RXR/VDR hetero-
dimerization on DR4 [14], but RXR/VDR heterodimerization
on Pal3 is a new ﬁnding. Our study also showed that the VDR
bound to Pal3 as a homodimer (Fig. 3B, see also Fig. 2 and Ta-
ble 1). Therefore, it is possible that the mixture of RXRc andPARb and RXRc/PPARc heterodimers. Binding of the RXRc/VDR,
ere examined by FCS. The vertical axis shows the diﬀusion time (ls) of
The symbol ‘‘+’’ represents a diﬀusion time ratio of 30% and higher.
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VDR homodimers on Pal3.
In a systematic binding study using the DR elements with
various spacers (DR0–DR5), it was previously shown that
the RXR/PPAR heterodimer bound with the highest aﬃnity
to DR1 and with lesser aﬃnities to DR0 and DR2 [15]. In
addition, Okuno et al. reported that the RXR/PPARc hetero-
dimer bound to Pal3 [11]. In the present study, we found that
RXRc formed heterodimers with PPARa and PPARc not only
on Pal3 but also on DR4. However, our results showed that
the RXRc did not form a heterodimer with PPARb on either
DR4 or Pal3. Although PPARa and PPARc did not bind to
any DNA element as a homodimer (Fig. 2 and Table 1), they
were able to recognize DNA sequences by forming heterodi-
mers with RXRc. Like PPARa and PPARc, VDR was able
to bind to DR4 as a VDR/RXR heterodimer, but not as a
VDR homodimer.
3.6. Biochemical classiﬁcation of human NHRs by DNA-binding
proﬁling
We examined 408 diﬀerent combinations for binding be-
tween DNA and NHRs (monomers and/or homodimers),
and consequently detected 205 binding combinations of which
124 are new and 81 reported previously (Table 1). Based on the
results of our binding assay, we classiﬁed all 34 NHRs into
four groups (Fig. 4): (A) NHRs bound to all of the tested
DNA elements with AGGTCA sequence (group A), (B) NHRs
bound to two or more DR and/or Pal DNA elements (group
B), (C) NHRs bound to only one type of DNA element (group
C), and (D) NHRs not bound to any one of the DNA elementsFig. 4. Biochemical classiﬁcation of human NHRs based on NHR–HRE bi
DNA test elements. Thirty-four NHRs were divided into four groups on the
DNA elements with AGGTCA sequence (group A), (B) NHRs bound to tw
bound speciﬁcally to only one type of DNA element (group C), and (D) NH
positive NHR–HRE interaction is indicated with a colored circle (ﬁlled). Blan
the Core, DR or Pal DNA element. NHRs having same or very similar DNtested (group D). The NHRs belonging to group B were fur-
ther classiﬁed into sub-groups based on their binding speciﬁc-
ities to Core, DR and Pal (Fig. 4B-1, -2 and -3, respectively).
Even though the NHRs in group D did not bind any of the
tested DNA elements, several were able to form heterodimers
with RXR or other receptors as described above. Although
GR did not bind to any of the 12 DNA elements used in this
study, it did bind to its response region in the human natural
element (Fig. 1C) in our assay. Thus, we believe that some
of the group D NHRs may recognize other HREs.
We compared these DNA-binding speciﬁcity-based clusters
with the conventional sequence/domain conservation-based
clusters. We found that the DNA sequences and the binding
speciﬁcities of the group A members ERRb and steroidogenic
factor-1 (SF-1) were similar to the ERRc and liver receptor
homolog-1 (LRH-1), respectively. But, the DNA sequences
of ERRb (or ERRc) are quite diﬀerent from that of the SF-
1 (or LRH-1) regardless of their similar binding speciﬁcities.
Thus, our biochemical classiﬁcation showed that similarity in
the DNA sequence does not necessarily mean similarity in
DNA-binding speciﬁcity. This approach, which categorizes
NHRs in diﬀerent clusters (clusters are separated by bold lines
in Fig. 4), could bring new perspectives to NHRs, as the clas-
siﬁcation of the NHRs based on their DNA-binding speciﬁci-
ties and not on their conserved sequences and/or domains. For
example, our results suggest that the group A NHRs may be
involved in regulating the same gene even though they bind
to diﬀerent hormones.
In conclusion, we propose that the combination of the high-
throughput, genome-scale protein production method basednding speciﬁcities. Out of 34 synthesized NHRs, 24 bound to various
basis on their binding speciﬁcities: (A) NHRs bound to all of the tested
o or more Core, DR and/or Pal DNA elements (group B), (C) NHRs
Rs not bound to any one of the tested DNA elements (group D). A
k boxes in group D indicate that the NHRs listed did not interact with
A-binding activities are boxed in bold lines.
2744 T. Kobayashi et al. / FEBS Letters 582 (2008) 2737–2744on the wheat germ extract cell-free expression system and the
automated FCS technique oﬀers a favorable methodology
for the functional analysis of DNA–protein interactions. We
also believe that the novel biochemical classiﬁcation method
described in this study might help in obtaining knowledge
important for elucidating the NHR mediated-transcriptional
network.
Further discussion is included in the supplementary data.
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